1. Introduction {#sec1}
===============

Globally 5.6 million children under the age of 5 died in 2016 [@bib1]. The global under-five mortality rate declined by 56 percent from 93 deaths per 1,000 live births in 1990 to 41 in 2016 [@bib2]. In the same year, the under-five mortality rate in low-income countries was 73.1 deaths per 1000 live births -- almost 14 times the average rate in high-income countries (5.3 deaths per 1000 live births). Sub-Saharan Africa is, by far, the region with the highest level of under-five mortality in the world; approximately 41% of the global under 5 mortality occurs in sub-Saharan Africa (SSA) [@bib3]. Although under-five mortality rate declined by 52% between 1990 and 2015 (from 179 to 86 per 1000 live births) in sub-Saharan Africa, the region still has the highest rate in the world [@bib4].

Ethiopia is among the five developing countries that accounted for half of all newborn deaths including India, Pakistan, Nigeria, and the Democratic Republic of the Congo [@bib2]. About 472,000 Ethiopian children die each year before their fifth birthday, which places Ethiopia sixth among the countries in the world in terms of the absolute number of child deaths [@bib5]. In Ethiopia, the under-five mortality rate has declined by two thirds from the 1990 figure of 204 per 1,000 live births to 58 per 1,000 live births in 2016; thus, meeting the target for Millennium Development Goal 4 (MDG 4) \[[@bib6]-[@bib8]\]. However, the under-five mortality rate in Ethiopia is still higher compared to the mortality rate in many developing countries.

Family planning has been found to significantly contribute to the prevention of maternal and child mortality [@bib9]. Globally, birth spacing through increased use of modern family planning methods has been found to save the lives of more than 2 million newborns and children every year [@bib10]. Therefore, scale-up of family planning improves maternal health and empowerment and benefits child survival [@bib11]. Improved access to family planning could also be a primary prevention measure to reduce under-five deaths, particularly in regions such as sub-Saharan Africa where high fertility is still prevalent [@bib10]. Initiatives such as Family Planning 2020 to enable 120 million more women and girls to use contraceptives by 2020 could have an important effect on child survival, reducing the number of deaths due to reduction in numbers of births mainly through birth spacing [@bib11].

While many studies have examined contraceptive use and its effects in Ethiopia, there is a gap in knowledge on whether the contraceptive use and intention to use have any implication for under-five mortality in Ethiopia. Research documented that contraceptive use has the potential to improve perinatal outcomes and child survival by widening the interval between successive pregnancies [@bib11]. It has been found that the risk of death in ages 1--4 years would fall by 21% in developing countries if all children were spaced by at least 2 years age gap [@bib11]. Also, a study conducted in Nigeria shows that under-five mortality for children whose mothers had an unmet need for family planning had a higher risk of dying than those whose mothers have met the need for family planning [@bib12]. Similarly, family planning is found to be a major factor in reducing the overall rate of under-five mortality in Bangladesh [@bib13]. Moreover, evidence shows that birth interval, an index of contraceptive use and intention to use, has implication for childhood mortality \[[@bib14], [@bib15], [@bib16]\]. In this paper, we examine the effect of contraceptive use and intention to use on under-five mortality in Ethiopia. We also controlled for other factors that may confound the effect of contraceptive use on under-five mortality. We, therefore, hypothesize that contraceptive use and intention to use may have a significant negative effect on under-five mortality in Ethiopia.

2. Methods {#sec2}
==========

2.1. Data {#sec2.1}
---------

This study is based on data derived from two rounds of the Ethiopian Demographic and Health Surveys (2011 and 2016) obtained from the Central Statistical Agency, Ethiopia \[[@bib7], [@bib17]\]. Our analysis is, therefore, based on data from the demographic and health surveys (DHS) collected between 2011 and 2016 from 11 regions. The sample is, therefore, limited to mothers aged 15 to 49 who had at least one child (10,896 in 2011; and 10,274 in 2016). Details of the sampling design and data collection procedures for each survey are available in the individual country DHS of AIS reports [@bib7].

2.2. Study variables {#sec2.2}
--------------------

In this study, the outcome variable is under-five mortality, defined as the probability of dying before the fifth birthday. Globally, under-5 mortality is regarded as a good measure of well-being and socio-economic development of a nation. In terms of exposure, the main explanatory variable is modern contraceptive use and intention to use. Contraceptive use and intention to use is classified into three: using modern method, non-user - intends to use later, and does not intend to use. Respondents who were using traditional method were considered as non-users of modern contraceptives while missing responses were dropped from the analysis.

In addition, other independent variables capable of influencing or confounding the association between the outcome variable (under-five mortality) and the key explanatory variable (contraceptive use and intention to use) were included in the analysis. These variables include: maternal age at birth, maternal education, marital status, parity, sex of child, birth rank/interval, place/mode of delivery, previous birth interval, previous death of sibling, water source, Tetanus vaccination, antenatal care, postnatal care, place of residence, and region of residence. Since the study used secondary data, ethical clearance was not applicable.

2.3. Statistical analysis {#sec2.3}
-------------------------

The data analysis was done using the R programming language (version 3.5.2) [@bib18]. Cox proportional hazards model (survival analysis) is appropriate in analyzing non-censored and censored observations. Using Cox proportional hazards regression analysis, both occurrences of childhood mortality and the time when the child died were combined to generate the outcome variable. The children\'s survival status and the age at death in months (if the child had died) or the last month the child was known to be alive (if the child was still living at the time of the survey) were combined to generate the outcome variable for the survival analysis. Children known to have died before 60 months of age (i.e. non-censored) were regarded as the cases while children who were still alive at the time of the survey were treated as right-censored observations. The probability of childhood death was regarded as a hazard. The hazard was modeled using the following equations:where X~1~ \... X~k~ is a collection of explanatory variables and H~0~(t) is the baseline hazard at time t, representing the hazard for a person with the value of the reference level for all the explanatory variables. However, by dividing both sides of [Eq. (1)](#fd1){ref-type="disp-formula"} by H~0~(t) and taking logarithms, [Eq. (1)](#fd1){ref-type="disp-formula"} becomes: where H(t)/H~0~(t) is regarded as the hazard ratio. The coefficients b~i~\...b~k~ are estimated by partial likelihood. At the bivariate level, Kaplan-Meier survival plots were used to present the survival function between under-five mortality and contraceptive use. Hazard models were fitted at the multivariate level of analysis and measures of association between the outcome variable and explanatory variables were expressed as hazard ratios (HR) at 95% confidence intervals.

3. Results {#sec3}
==========

3.1. Descriptive results {#sec3.1}
------------------------

In the descriptive analysis, 38.8% of the respondents were aged 20--29 whereas 3.7% were aged 15--19 ([Table 1](#tbl1){ref-type="table"}). The majority of the respondents had no formal education (63.0%) whereas about one-tenth (10.6%) had secondary school or higher education. Christianity (57.6%) was the dominant religious affiliation among the respondents whereas traditional religion was the least represented (0.7%). Also, the majority (85.3%) were in marital union whilst only a few were never married (1.0%) with about 39% of the respondents having 5 or more children. About 45% had never had antenatal care while the majority (92.9%) had never had postnatal care either. The respondents were predominantly from rural settings (74.0%) with the highest proportion coming from the Oromia region (13.4%). With regard to their modern contraceptive use rate, those aged 20--29 (34.1%) tend to use modern contraceptives than their counterparts while respondents who had secondary or higher education (49.7%) tend to use contraceptives more than those who were less educated or had no formal education. Contraceptive use was more prevalent among the Christians, particularly the orthodox Christians (35.2%), but was lowest among the traditional respondents (4.9%).Table 1Background characteristics and prevalence of modern contraceptive use.Table 1VariablesPercent of respondentsModern contraceptive use**Mother\'s Age**(%)15--193.723.720--2938.834.130--3936.231.140--4921.319.1**Education**No education63.024.8Primary26.435.2Secondary/higher10.649.7**Religion**Catholic0.930.9Orthodox Christian38.435.2Protestant18.334.1Muslim41.719.4Traditional0.74.9**Marital status**Never married1.031.8In union85.316.0Widowed/divorced/separated13.713.3**Parity**1--235.534.63--425.632.95+38.923.2**Antenatal care visits**No visits45.121.31-4 visits37.237.05 + visits17.746.4**Postnatal care**Yes7.124.8No92.935.2**Type of place of residence**Urban26.043.2Rural74.026.4**Region of residence**Addis Ababa7.144.8Afar8.410.3Amhara12.235.5Ben-Gumuz8.125.2Dire Dawa6.325.2Gambella7.527.6Harari6.130.8Oromia13.428.2SNNP12.231.7Somali7.92.3Tigray10.826.7

3.2. Contraceptive use and under-five survival {#sec3.2}
----------------------------------------------

This section seeks to determine the relationship between child survival probability and contraceptive use over the duration of survival (0--59 months). A diagrammatic presentation of the mortality risks among children who did not survive beyond the age of five by contraceptive use is provided in [Fig. 1](#fig1){ref-type="fig"}. From the diagram, it is observable that the probability of survival gradually declined for all children irrespective of the status of contraceptive use. However, at 0 month old, children whose mothers used modern contraceptives had the highest probability of survival, followed by children whose mothers intend to use contraceptives later. Children whose mothers did not intend to use modern contraceptives had the least probability of survival. This trend persisted over the course of all the ages of survival for all children.Fig. 1Kaplan-Meier survival function of under-5 mortality by contraceptive use and intention to use, Ethiopia.Fig. 1

This trend also emerged in the relationship between child survival and unmet need for family planning which is often used to measure the extent of contraceptive use or non-use ([Fig. 2](#fig2){ref-type="fig"}). This can be seen as the survival function for children whose mothers had an unmet need for family planning consistently lagged behind children whose mothers had met the need for family planning in terms of survival probability over the entire duration of survival. Thus, children whose mothers had access to family planning services had higher chances of under-five survival.Fig. 2Kaplan-Meier survival function of under-5 mortality by unmet need for family planning, Ethiopia.Fig. 2

3.3. Contraceptive use and risk factors for under-5 mortality {#sec3.3}
-------------------------------------------------------------

A multivariate analysis of risk factors of under-five mortality using contraceptive use as the variable of interest in combination with other maternal and child-related characteristics showed a number of significant factors. The factors that are significantly associated with the risk of under-five mortality include the use of modern contraceptives, marital status, parity, sex of a child, two or more Tetanus vaccinations, place/mode of delivery, postnatal care within two months, and the household source of drinking water. The risk of child deaths was higher among children whose mothers had been formerly married, male children, mothers who had more than five children, children born in health facilities without a cesarean section, and mothers who used unimproved water sources ([Table 2](#tbl2){ref-type="table"}).Table 2Cox Proportional Hazard model showing the effects of modern contraceptive use and intention and other selected characteristics on child mortality in Ethiopia.Table 2VariablesHazard ratio95% CIP-value**Contraceptive use and intention** (Ref: Non-user intends to use later)Using modern method0.650.45--0.960.03\*Does not intend to use0.930.69--1.260.66**Age at first birth** (Ref: \<20)20+0.790.59--1.060.12**Maternal education** (Ref: No education)Primary education1.170.87--1.560.31Secondary/higher0.770.26--2.280.63**Marital status** (Ref: Married/In union)Never married0.360.10--1.370.13Widowed/divorced/separated1.761.15--2.690.01\***Parity** (Ref: 1--2)3--41.390.82--2.380.955+1.980.99--3.990.05\***Sex of child** (Ref: Female)Male1.601.25--2.050.00\*\***Birth rank/interval** (Ref: 1^st^ birth order)2^nd^/3^rd^ birth rank, \< 2 years0.810.39--1.650.562^nd^/3^rd^ birth rank, \< 2 years0.850.46--1.550.604 + birth rank0.650.29--1.290.20**Tetanus vacination** (Ref: Never)One TT1.170.73--1.870.512 + TT0.720.52--1.010.05\***Combined place & mode of delivery** (Ref: Health facility with cesarean)Health facility without cesarean2.381.02--5.540.04\*Home1.470.80--2.690.21**Previous death of a sibling** (Ref: Alive)Dead1.140.85--1.520.38**Antenatal care** (Ref: Yes)No1.040.75--1.450.79**Postnatal care** (Ref: Yes)No1.920.98--3.750.05\***Water source** (Ref: Piped water)Rain/well/surface water/tanker1.560.95--2.570.07\*River/stream/lake/spring1.510.95--2.410.07\***Type of residence** (Ref: Rural)Urban1.370.78--2.400.28Region (Ref: Addis Ababa)**Region**Afar2.020.75--5.440.16Amhara1.430.53--3.870.48Ben-Gumuz1.250.46--3.380.66Dire1.880.69--5.110.22Gambella1.510.57--3.960.40Harari1.450.55--3.820.45Oromia1.890.71--5.020.20SNNP1.740.66--4.600.27Somali1.580.59--4.270.36Tigray1.430.55--3.730.47[^1]

Under-five children whose mothers used modern contraceptives were less likely (hazard ratio (HR) = 0.65, CI: \[0.45, 0.96\]) to die than those whose mothers' never used modern contraceptives. Male children were significantly more likely to die than their female counterparts in the first five years of their life (HR = 1.60, CI: \[1.25, 2.05\] for male under-5 children). There was a significant increase in the hazard of dying for children of widowed/divorced/separated mothers (HR = 1.76; CI: \[1.15, 2.69\]) compared to those of married mothers. Children who were born in health facilities without a cesarean section were significantly more likely (HR = 2.38; CI: \[1.02, 5.54\]) to die than those who were born in health facilities with a cesarean section. There was also a significantly higher hazard of dying (HR = 1.92; CI: \[1.16 to 4.50\]) among children who never receive postnatal care within 2 months after delivery compared to their counterparts who received postnatal care within 2 months after delivery.

Furthermore, the risk factors of under-five mortality by contraceptive use and intention to use were controlled separately for child characteristics in three models ([Table 3](#tbl3){ref-type="table"}). This is to examine the association between contraceptive use and intention to use and child survival while adjusting for the effects of selected child characteristics. As shown in models 1--3 ([Table 3](#tbl3){ref-type="table"}), after adjusting for the effects of selected child characteristics, contraceptive use and intention to use remained significantly associated with under-five mortality. Results in Model 3, for instance, indicated significantly lower risks of dying before the age of five years for children whose mothers used modern contraceptives (HR: 0.66, CI \[0.51, 0.87\], p \< 0.001) and higher risk of dying for children whose mothers did not intend to use modern contraceptives (HR: 1.20, CI \[0.97, 1.49\], p \< 0.001) compared to children whose mothers were non-users but intend to use later.Table 3Cox Proportional Hazard model showing the effects of contraceptive use and intention on child mortality, adjusting for selected child\'s characteristics.Table 3VariablesModel 1Model 2Model 3**Contraceptive use & intention** (Ref: Non-user intends to use)**HR\[95%CI\]HR\[95%CI\]HR\[95%CI\]**Using modern method0.66\*\* \[0.51,0.87\]0.63\*\* \[0.45,0.88\]0.63\*\* \[0.45,0.88\]Does not intend to use1.20\* \[0.97,1.49\]0.95 \[0.71,1.28\]0.96 \[0.72,1.29\]**Previous birth interval** (Ref:\<2yrs)2--30.68\*\*\* \[0.54,0.84\]0.72\* \[0.54,0.97\]0.72\* \[0.54,0.97\]4+0.47\*\*\* \[0.36,0.61\]0.58\*\* \[0.40,0.84\]0.59\*\* \[0.41,0.84\]**Parity** (Ref:1--2)3--41.27 \[0.92,1.75\]1.30 \[0.85,1.98\]1.30 \[0.85,1.97\]5+1.56\*\* \[1.16,2.09\]1.53\* \[1.03,2.29\]1.52\* \[1.02,2.28\]**Antenatal care** (Ref: No)Yes0.37\* \[0.17,0.81\]0.92 \[0.70,1.21\]**Postnatal care** (Ref: No)Yes0.92 \[0.70,1.21\]0.37\* \[0.17,0.82\]**Sex of child** (Ref: Female)Male1.74\*\*\* \[1.36,2.24\][^2]

4. Discussion {#sec4}
=============

This study examines the implication of contraceptive use and intention to use for under-five mortality in Ethiopia. The data were based on live births among women who reported met need or unmet need for family planning during the period under study. The study first generated survival functions between under-five mortality and contraceptive use as well as unmet need for family planning. The results reveal a higher childhood survival probability for children of mothers who use modern contraceptives and mothers who have met the need for family planning than children of their counterparts who never used contraceptives or had unmet need, across all survival ages. Also, after adjusting for the effects of important covariates, such as maternal education, wealth status, and marital status among others in the multivariate analysis, the results still show a significant association between under-five mortality and contraceptive use and intention to use. This finding implies that contraceptive use and intention is associated with lower under-five mortality in Ethiopia which provides support for our hypothesis. A similar association is observed elsewhere in Bangladesh and Nigeria \[[@bib12], [@bib13]\]. Children of mothers who did not intend to use contraceptives had a higher likelihood of under-five mortality than those who were users and those who intend to use later. This implies that contraceptive use and met need for family planning have a considerable impact on child survival in Ethiopia. This may not be due to the use of the contraceptive in itself, but may be due to the substantial biological and socioeconomic benefits that are concomitant with contraceptive use which may promote both maternal and child health.

Additionally, the study found lower under-five mortality risk in children who were delivered in health facilities without a Caesarean section. Previous studies have associated high mortality risks with home delivery of babies [@bib19]. This may be mostly due to delivery complications at home. In this regard, delivering at health facilities without caesarean section services may have similar risks to delivering at home when there are complications. Health facilities with Caesarean section services are considered to be quite scarce in Ethiopia. The unavailability of obstetric services has been considered as the key reason why women may continue to prefer home delivery even when facility-based delivery is available at minimal cost [@bib20].

Divorced or separated and widowed women are found to be significantly more likely to experience under-five mortality than their married or in-union counterparts. Even though many studies have not yet been conducted on the effect of the mother\'s marital status on under-five mortality, it is evident that being in a union is a protective factor against under-five mortality. Thus, marriage may proffer advantages such as pooling of resources to either patronise good health services or provide adequate care with respect to providing good nutrition to infants and children [@bib21]. Widowed and divorced women, on the other hand, may have comparatively limited economic resources due to the unavailability of their male partners to provide support. Consequently, they may mostly live on a very limited income to secure the daily food consumption of the household and to take care of their children [@bib22].

Furthermore, children of mothers who have not received post-natal care within two months after delivery are found to be significantly more likely to experience under-five mortality than their counterparts whose mothers attended post-natal checkups after delivery. Conversely, children of mothers who made postnatal visits within the first 2 months after birth are found to be significantly associated with a lower risk of under-five mortality [@bib23]. Also, children whose mothers did not have Tetanus immunizations have a significantly higher risk of under-five mortality. Immunization of pregnant women or women of childbearing age with at least two doses is found to reduce under-five mortality due to tetanus by 94% [@bib24]. The mortality risk of a child is also found to increase as the size of children ever born increases. The risk of under-five deaths increased significantly among mothers who have more than five children. Similar findings have been well documented in the literature, showing a positive relationship between family size and child mortality \[[@bib16], [@bib25]\]. It has been established that mothers with two or more children are 40% less likely to receive professionally-assisted delivery services compared to women with only one child [@bib26]. This may be due to the limited ability to patronize professionally-assisted delivery services as the number of children increases. This may have serious implications for the levels of under-five mortality in the country.

Lack of access to clean water has been considered to be one of the important factors that contribute to more than 80 percent of childhood deaths in the world [@bib27], and this has reflected in this study. The use of an unimproved source of drinking water is found to be associated with increased risk of under-five mortality. There is also considerable evidence from studies in developing countries that show the role of household sanitation and clean water supply in promoting child health and survival \[[@bib28], [@bib29], [@bib30]\]. In Ethiopia, the proportion of the population using improved drinking-water sources is only about 57%, and those who use improved sanitation are less than five percent [@bib31]. Thus, access to improved source of water and sanitation may have positive effects on under-five mortality risks in Ethiopia.

This study has one notable limitation that should be taken with caution when interpreting the results. There is a possibility of the time difference between the occurrence of the outcome and the main independent variable (under-five mortality and contraceptive use), as mothers\' contraceptive use behaviour may not always coincide with the occurrence of under-five mortality which may affect the results. However, we believe that this provides the best scenario of the phenomenon as we do not expect mothers' contraceptive use behaviour to change considerably within the five years preceding the survey.

5. Conclusions {#sec5}
==============

The findings of this study show that contraceptive use and intention to use has indispensable implication for under-five mortality risk in Ethiopia. The use of contraceptives significantly improves the survival chances of children under age five. This underscores the importance of contraceptive-use in the pursuit of a substantial reduction in under-five mortality in Ethiopia. It also intensifies the need to address the present level of contraceptive use and unmet need for family planning in the country. Special intervention is, therefore, required for mothers who have unmet need for contraception and mothers who do not intend to use contraceptives. Implementing a cost-effective public health-related intervention to improve household environmental conditions, such as access to improved source of drinking water may have a positive effect on reducing under-five mortality in the country. Further research on non-users may help to understand the personal, cultural as well as possible religious factors that may militate against the use of modern contraceptives, which in turn may be adversely affecting under-five survival.
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[^1]: NB: Ref = Reference Category \*p ≤ 0.05; \*\*p ≤ 0.01; \*\*\*p ≤ 0.001.
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